A index of biotic integrity (IBI) 
INTRODUCTION
Biotic integrity has been defined as the ability of a system to generate and to maintain the adaptive biotic components through natural evolutionary process. In a lotic system, biotic integrity depends on river flow, energy input, water quality, biotic interaction and habitat structure , Hughes and Gammon, 1987 , Karr, 1991 . In this context, the Index of Biotic Integrity -IBI -has been increasingly used to assess the effects of environmental degradation; firstly for streams (Karr, 1981; Karr et al., 1986 ) and more recently for large rivers (Ganasan and Hughes, 1998; Hughes and Oberdorff, 1998; Waite and Carpenter, 2000; Hughes, 2000; Karr et al., 2000) .
The use of IBI in streams is facilitated due to lower habitat complexity and lower water volume, when compared with large rivers (Strahler, 1957; Lotrich, 1973; Vannote et al., 1980; Matthews, 1986) . In the medium and large rivers, some difficulties in standardizing fish sampling and to interpret patterns due the higher structural complexity were reported by Oberdorff and Hughes (1992) , Hugueny et al. (1996) and Ganasan and Hughes (1998) . The magnitude of impact caused by the organic and industrial pollutants was assessed by Hughes and Gammon (1987) for the Willamette system in Oregon, with the lowest IBIs values being associated to metropolitan Portland and Newberg areas. Ganasan and Hughes (1998) found similar results in the Khan and Kshipra rivers in India, with the lowest IBI near to Indore and Dewas cities. The Paraíba do Sul river drains a major industrialized area in the country and suffers different impacts along its extension, with the heaviest alteration occurring in the medium-lower stretch, due to a major industrial siderurgy plant (Pfeiffer et al., 1986) . In this extent, there is generalized pollution from organic and industrial effluents brought into the river by the unplanned Municipalities sewage systems (Carvalho and Torres, 2002) , which decrease water quality and impoverished habitats. Sewage, toxic chemicals, and excessive phosphorus cause the main water quality problems, while altered flow regimes, loss of habitats, passage obstructions, and riparian degradation constitute the physical problems. Despite these drawbacks, the water is used to supply the human population in the main area of Rio de Janeiro City and for hydroelectric purposes, with an abstraction been located at approximately 30 km downstream the major industrial plant. The IBI has been reported as an efficient monitoring tool for diffuse pollution, integrating through fish community metrics, the overall state of health of a lotic system in contrast to the traditional physico-chemical parameters, which gives a punctual and instantaneous information on the water quality of a given site Verdonschot, 2000) . While IBI reflects the recent history of a system alteration, dictated by the trend in the various biotic and abiotic components, the physico-chemical parameters pinpoint a precise level of specific pollutants Rosenberg and Resh 1993; Verdonschot, 2000) . Because of different approaches on assessing a system environmental health, these two methods are complementary and have been used in order to obtain a more holistic assessment on the environmental quality (Hughes and Gammon 1987; Waite and Carpenter, 2000; Meador and Goldstein, 2003) . Seasonal change is a major feature in lotic systems, mounding environmental and biotic characteristics, especially in fish community, as several characteristics shift. To understand such changes they must be included in IBI protocols as an important aspect of environmental monitoring. Seasonal shift in temperature, rainfall, and river flow have a direct effect on fish life cycle (Grossman et al., 1998; Allan, 2004) . In Southeast Brazil, rainfall season coincides with increasing temperatures, which occur in the summer, triggering reproductive migrations of some fish species in a season when microhabitats are enhanced and integrated due to the increased flow and water volume. Species access more habitat and food resources, mainly from alloctonous origin. This work aimed to apply IBI in this heavily alterated segment of the lower medium section of the Paraíba do Sul river to test its suitability to assess environmental condition and to seek for eventual shifts according to the seasons. Were specifically addressed: 1. Did the increased distance from the main non-point source pollution inputs corresponded to better the environmental condition (IBI) indicating a river recover capacity? 2. Did the seasonal variation affect IBI results?
MATERIALS AND METHODS
The Paraíba do Sul river is 1080 km long, with a 57,000 km 2 watershed. Its middle reaches flow 400 to 600 m above sea level and drains ancient, predominantly sedimentary, soil covered by tropical forest. This ecoregion is characterized by both un-and semi-consolidated sand, gravel, silt and clay, with basalt outcroppings, low mountains, low nutrient soils, fragmented semi-deciduous seasonal rain forest, and poor croplands (Carvalho and Torres, 2002; Projeto RADAMBRASIL, 1983) . The climate is mesothermic with high relative humidity, hot and wet summers and dry winters. Annual rainfall ranges from 1000-3000 mm, with the annual averages generally surpassing 2000 mm (DNAEE, 1983) . There is a well characterized precipitation regime where highest rainfall occurs between November and January. These heavy rains occasionally cause large floods of the Paraíba do Sul River. June through August is the driest season of the year (Carvalho and Torres, 2002) . Temperature ranges from minimum of 20 -22 ºC in June during August and maximum of 32 -34 ºC in December through February, with an annual average of 26 and 28°C. River flow in the studied reach averages 318 m 3 s -1 , ranging from 109 m 3 s -1 in the dry season to 950 m 3 s -1 in the wet season (Hydroscience, 1977) . The studied river segment was 338 km long, covering a drainage area of approximately 33,663 km 2 within a single ecoregion between the parallels 20º26' and 23º38' South and the meridians 41º00' and 46º30' West (Fig. 1) .
The study reach was chosen because it drained one of the most important industrial regions in Brazil, and included the most polluted section of the river (Pfeiffer et al., 1986) , with several textile, chemical and food industries, and a large industrial steel plant at Volta Redonda Municipality. Agriculture and sand mining also were common in the area. Diffuse pesticide and sediment pollution from agriculture was combined with point source organics and metals from untreated municipal and industrial effluents. Seven sampling sites were chosen near the main municipalities: Queluz, Resende, Barra Mansa, Volta Redonda, Barra do Piraí, Três Rios, and Além Paraíba, and each included a tributary to the mainstream. These two seasons were tested because the hydrologic season explained a great amount of variance in the habitat availability, influencing fish community and the efficacy of fishing techniques in large rivers. Distance between adjacent sites varied between 29 and 102 km. Sites were chosen on the basis of accessibility, similarity in habitat types, and to maximize the diversity of habitat types (pools, riffles, tributaries) at each site. Each site was sampled over a 24-h period, covering an area of approximately 56,000 m 2 , with reaches 560-800 m long and 70-100 m wide. Several fishing methods were used in a standardized manner to collect the maximum number of species and individuals in different sizes and microhabitats. Fishing equipment included gill nets, cast nets, seines and sieves. A total of 18 gill nets (25 x 2.5 m, with 2.5-7.5 cm mesh size opposite) were set in the afternoon and removed in the following morning, for a total of 16 h fished per net. Cast nets (3 m diameter and 2-3 cm mesh) were used by two skilled persons for 2 h in water 2-3 m deep. A seine (10 x 3 m with 5 mm mesh) was employed by two persons in shallow areas for 2 h. A sieve (80 cm in diameter with 1 mm mesh) was used in the macrophyte beds by one person for 1 h. Frequently, few individuals were collected at a site visit with any single gear to be adequate alone for evaluating metric and IBI scores. Following Whittier et al. (1997) , Ganasan and Hughes (1998) and Bozzetti and Schulz (2004) , the fishes caught by the different fishing equipment taken at each site visit into a single value were pooled, thus defining the unit effort. Specimens were deposited at the Laboratory of Fish Ecology, Universidade Federal Rural do Rio de Janeiro. A two-way Analysis of Variance -ANOVA was used to compare species densities, biomass means and species numbers among sites and seasons. A "a posteriori" Tukey test was conducted to determine which means were significantly different at 95% confidence level (α = 0.05). All the raw data was Log10 (x+1) transformed to address the normality and homocedasticity requirements of the parametric analyses. Multivariate clustering was conducted on the species abundance to assess spatial and temporal patterns (Baroche and Saporta, 1982) . To understand the effects of the river degradation on fish community, each candidate was tested metric to IBI to verify if changes in metrics corresponded to IBI changes and if such changes were related to the degradation in the environment. The metrics were chosen in the categories: species richness -habitat composition -indicators species -trophic structure. Fifteen candidates metrics were tested: 1) number of native species; 2) number of caraciform species (water column); 3) number of siluriform species (benthic); 4) number of individuals excluding omnivorous; 5) total biomass; 6) % introduced individuals; 7) % cyprinodontiform individuals (tolerant species); 8) Number of sensitive species; 9) % carnivorous individuals; 10) % omnivorous individuals; 11) % invertivorous individuals; 12) % phytophagous individuals; 13) % insectivorous individuals; 14) % hybrids and 15) Dominancenumber of species to amount to 90% of the total number of individuals in a sample. Eight out of those 15 metric were chosen, some adapted of the original IBI (Karr, 1981) and some adapted for the particular characteristics of the studied area. All the selected metrics, with exception of the number of characiform species, showed significant correlation with IBI and were present in the majority of the sampled sites. The eliminated metrics did not show significant correlation with IBI, or were not common in all the sampled sites, or showed narrow range of variation, or were redundant or their information was not quantitative.
Species richness and habitat composition
The number of native species represents biological diversity, which typically declines with disturbance. Number of characiform species which tend to decline with increased turbidity or reduced cover. Number of siluriform species which are reduced by sedimentation and insufficient dissolved oxygen (Table 1) .
Indicator species
Three metrics were chosen in this category: number of sensitive species, % cyprinodontiform individuals and number of dominant species. The number of species amounting 90% of the total number of individuals in a sample was used as the dominance metric.
Trophic structure
Two metrics were chosen: % omnivorous and % carnivorous individuals. The dominance of omnivorous occurs as specific components of the food base become less reliable; the opportunistic foraging habits of omnivorous make them more successful than specialized foragers . Native carnivorous are more sensible to environmental alteration. According to Karr (1981) there is an inverse correlation between the proportion of omnivorous individuals and other specialized habits, with increased number of the former and decreased number of specialized such as invertivorous, phytophagous, insetivorous, with increasing environmental degradation (Karr, 1981) . The presence of native carnivorous is an indication of a health lotic environment (Karr, 1981; 1999) since those fish depend on a complex trophic structure. In a decreased water quality system, the native carnivorous species tend to decrease or even disappear.
Calculations of the IBI metrics
Metric scoring criteria for the IBI were based on the highest metric scores observed, because no minimally-disturbed reference site data were available. This approach was suggested by and employed by Hughes and Gammon (1987) and Ganasan and Hughes (1998) . These metric criteria represent the reference condition, but they greatly underestimate the biological integrity because they originate from the disturbed sites. Considering the difficulties to interpret the traditional IBI results, in the present work the continuous IBI developed by Ganasan and Hughes (1998) was performed aiming to better assess the results. The best and the worst situation for each metric were chosen and attributed a score of 10 and 0 respectively. For example, a maximum number of 27 native species and a minimum of 15 were collected. A score 10 for 27 species and a score 0 for 15 species were attributed. From this score range, a formula was applied to accommodate the intermediate values. For a site with 20 native species, therefore ([20/27] x 10). The suitability of each metric to IBI was tested by Pearson correlation, as suggested by Angermeier and Karr (1986) . Three environmental quality classes (acceptable, moderately impacted and impacted) were determined based on the sum of the scores. (Table 2) . No significant spatial difference was detected for species abundance, richness and biomass by ANOVA, in both wet and dry seasons; only the number of species showed highly significant differences between the two seasons, being higher in wet season when compared with dry. The cluster analysis (Fig. 2) 
IBI and metric variation
Since no overall significant spatial difference was found for the fish species among the sites, no adaptation was applied to IBI metrics and scores. The best and worst attributes with the continuous IBI are shown in Table 3 . Six out of the eight selected metrics showed highly significant correlation with IBI scores (n=14; R 2 >0.38): number of native species, number of siluriform species, % cyprinodontiform individuals, % omnivorous individuals, number of sensitive species and dominance. Percentage of carnivorous individuals showed significant correlation with IBI (R 2 =0.25) and the number of characiform species showed no significant correlation (R 2 =0.21) (Fig. 3) ; exceptionally this latter metric was kept in IBI because this taxon was a major component of neotropical fish community, which was dominant in water column. Percentage of omnivorous's individuals and % cyprinodontiform were negatively correlated with IBI The following candidates metrics were not selected to IBI: number of individuals, number of non-native species, number of hybrids, percent of invertivorous individuals, percent of phytophagous, percent of insetivorous individuals and total biomass). All these metrics did not accomplish the assumption as cited above (significant relationship with IBI) or were not common in all the sampled sites, or showed narrow range of variation, or were redundant with other more significant metrics. The IBI for the dry season showed higher oscillations when compared with the wet season (Fig. 4) , with the latter showing overall higher values.
The continuous IBI scores ranged from a minimum of zero (0) to a maximum of eighty (80). IBI higher than 60 were considered acceptable, 40-60 moderately impacted, and lower than 40 impacted. In the wet season a higher quality (Acceptable) was showed for the km 0 and moderately impacted at the remaining sites, but oscillations between sites did not allow to draw any spatial trend. In the dry season, the environmental quality indicated by IBI was moderately impacted at the two most upstream sites (km 0 and 50) and at the two most downstream sites (km 271 and 338), and impacted at the remaining sites, with the lowest value at km 125. 
DISCUSSION
The fish assemblage comprised by 51 species was similar to other previous works in the area which reported 52 species (Araújo et al., 2001; suggesting a certain stability in the fish community along the recent years. Araújo (1996) recorded 57 freshwater species in the medium and lower reaches of the Paraíba do Sul river. This number was well below the 122 species proposed by Britski (1994) for large rivers of East Brazilian coast, such as the case of Paraíba do Sul, but such estimation includes the streams and small tributaries. Teixeira et al. (2005) recorded 81 fish species for the whole main channel of the Paraíba do Sul river and its main tributaries. Furthermore, the 338 km segment of the river studied in this work was approximately one third of the whole Paraíba do Sul extension, and no tributaries were included. The highest fish abundance in the km 125 for the dry season was due to the high contribution of P. reticulata, a non-native and opportunist species common in alterated environments. High abundance of opportunist species in alterated environments have been widely reported in the current literature (Ganasan and Hughes, 1998; Soto-Galera et al., 1998) . Ganasan and Hughes (1998) found that the highest abundant species in sites of the Khan river near to Indore City, a major degraded area, were comprised by three tolerant species: Lebistes reticulatus, Channa punctatus and Heteropneustus fossilis. High occurrences of this species were associated to perturbations indicated by chemical variables and poor habitat structure. Differences in species composition along the studied reach could be due to poor water quality since the physical river structure did not change much along the studied reach, which was situated within a single ecoregion (Omernik, 1987) . The eight selected metrics proved to be satisfactory for the development of IBI (Table 3 ). The number of species was restricted to native species in order to avoid the provable negative effect of eight non-native species. Hughes and Oberdorff (1998) reported that the use of native species was important, mainly where non-native species were relatively common. The number of native species was used by Lyons et al. (1995) who pointed that native species decreased with degradation, while non-native species were more prone to increase in homogeny habitats and degradable environments. The number of characiform species (water column species) and the number of siluriform species (benthic species) were chosen as indicators of the habitat composition. Al though the number of characiform species did not show significant correlation with IBI, it was retained since these water column species were sensible to suspended solids, very common in Paraíba do Sul watershed. The poor soil cover causes erosion processes and degradation of riparian vegetation. Water column species are active diurnal swimmers with a varied feeding habitat, being sensible to high concentration of suspended matter and habitat degradations. The siluriforms species are those more closely associated to the bottom, which becomes more silty and homogenous with increased sedimentation. Bozzetti and Schulz (2004) used benthic species, emphasizing that dominance by air-breathing species is considered a strong indicator of oxygen depletion. Benthic species are sensible to turbidity, low oxygen concentrations and toxic substances deposited in sediment, since they use this compartment to feed and spawn. Margin erosion also provokes impairment to benthic species through the substrate homonization. The category indicators species was represented by the number of sensible species, % cyprinodontiform individuals and the number of dominant species. Such metrics were used to infer the physico-chemical pollutants levels in water. The sensible species are the first to decrease or disappear with pollution. This metric is the opposite of % cyprinodontiform individuals and dominant species, which indicate polluted sites, where only a few species can survive. Some criticisms have been raised to indicator species because only a few species have been used to assess environmental quality. Some examples of indicator species are the number of intolerant species, percentage of the Green Sunfish, % tolerant individuals, % of pioneer species, number and biomass of dominants species. The metric sensible species was replaced by intolerant species by Karr et al. (1986) ; Hughes and Gammon (1987) ; Oberdorff and Hughes (1992) and Ganasan and Hughes (1998) . Sensible species indicate higher habitat availability when present or when re-appear in a given environment. On the other hand, assemblages dominated by few species indicate low environmental quality, with only few species being the option to energy paths resulting in high instability. In Paraíba do Sul river, the cyprinodontiform (Poecilia reticulata and P. caudimaculatus) were considered highly tolerant and low water quality indicators species. Such species were extremely abundant during the dry season at km 125, municipality of Volta Redonda (location of National Siderurgy Company). Only Poecilia reticulata amounted to 7455 individuals.
Opportunist species occupy the few available niches and tolerate low water quality where sensible species could not copy. Such species increase in number with chemical and physical degradation, and are the least to leave with degradation and the first to re-appear with recovering. The dominance metric was considered as the number of species to amount to 90% of the total number of individuals in a standardized sample. Roth et al. (2000) used that metric in streams in Maryland as the numerical contribution of the most abundant species in the sample. The dominance of a few number of species indicate low equitability instability and few pathways to energy flow in the system. Trophic structure is another important category in assessing the biotic integrity using the feeding habits. Omnivorous are found in high abundance at the polluted sites, since these fish species use a wide range of food, both plants and animals, and detritus or organic matter. On the other hand, carnivorous is a very specialized group and indicate a diverse trophic web to support this top pyramid species (Karr, 1981) . Such species could also accumulate higher concentrations of toxic substances through bio-magnification process via food web. These species are quickly affected by the physico-chemical alteration in water quality. Fishes of wide trophic plasticity can modify food habit in alterated systems and this is an important factor in tropical areas, where several species are omnivorous or tend to detritivorous. Carnivorous may change habit to omnivorous, making difficult to define trophic structure in such alterated environment. In this way only two metrics were selected on trophic structure (% carnivorous and % omnivorous). The % carnivorous individuals' metric was used by Karr (1981) and Karr et al. (1986) as top carnivorous, and was used in several works such as Oberdorff and Hughes (1992) , Hugueny et al. (1996 ), Hocutt et al. (1994 and Ganasan and Hughes (1998) . The presence of carnivorous is an indication of good state of river health (Karr, 1981; 1999) , since they depend on a well structured trophic web. The % of omnivorous's individuals was proposed by Karr (1981) to assess the degree of food availability in alterated systems, since theses species used a wide variety of food both animal and plant origin. This metric has been used by several workers in IBI adaptations. Hocutt et al. (1994) replaced the omnivorous by saprophytic opportunists, while Harris (1995) A decreasing environmental quality from km 0 (Queluz) to the lowest score at km 125 and an increasing trend toward the most downstream sites suggested the river recovery. Low IBI scores in very impacted sites due to organic and industrial pollution was reported by Hughes and Gammon (1987) for the Willamette river, Oregon, with lowest values associated to sites near to metropolitan areas of Portland and Newberg. Ganasan and Hughes (1998) , studying the Khan and Kshipra rivers in Índia found similar results with the lowest IBI near to Indore and Dewas cities. Araújo et al. (2003) applying IBI in a narrow reach of the Paraíba do Sul river (c.a. 80 km), discriminated three rivers zones: zone I, upstream the industrial plant of Volta Redonda; zone II nearby the siderurgy plant, and zone III, downstream the plant. In this study the lowest values occurred at zone II. In the present study, this trend of lowest IBI values near to cities was confirmed, which received a high load of organic and industrial pollutants, such as km 50 and km 125 (location the cities of Resende and Volta Redonda, respectively). Furthermore, the middlelower reaches of the Paraíba do Sul show in the most upstream and most downstream sites higher habitat diversity and relatively lesser anthropogenic influence, in contrast to most urbanize area near to Resende and Volta Redonda cities. Overall higher environmental quality in the wet season occurred at km 0 (acceptable), km 96, km 169 (moderately impacted), and km 338 (moderated impacted/acceptable) which could be attributed to higher habitat diversity favored by higher drainage area. In this wet season, the IBI showed lower oscillations and better IBI values compared with dry season. In this latter season, IBI was comparatively lower, due to most exposed areas, decreasing habitat condition and increasing effects of organic and industrial pollutants due to lower water flow. It was likely that the effluent in dry season had a more marked influence in the fish assemblages, decreasing IBI values. The highest environmental quality indicated by IBI occurred at km 0 and km 338, where there was more habitat diversity, types of substrates, best riparian cover and lesser land use by urban areas. Overall, shifts in environmental quality corresponded to changes in IBI values strongly associated with human activities. Additionally, the sampling program could also have influenced the results, with better performance of the fish equipments during the dry season, thus resulting in a more clearly spatial IBI variation along the studied stretch of the river. During the wet season, the higher water volume and flow, and the riparian cover made some fishing equipment more difficult to operate, and some species could be missed to capture. The extremely high number of P. reticulata (more than 7,455 individuals) recorded in km 125 site during the dry season contributed to isolate this sample in just one branch of the cluster analysis. It was decided to keep it in the database because it reflected a seasonal situation in a very polluted site, where this species tended to occur in high densities. It, therefore, was concluded that the IBI should be used preferably during the dry season rather than in the wet season. In temperate streams and river, the autumn is the more appropriated season, since there is lesser influence of the reproductive process in the fish assemblages and the flow is at the lowest levels. The findings of this work showed the IBI as a robust, quick and cheap tool to assess environmental quality in alterated tropical rivers. The different fish equipments contributed to collect a wider range of the fish community in more diverse habitats, making IBI more reliable, an option for large rivers, where the effect of electrofishing could be limited (Hugueny et al., 1996; Ganasan and Hughes, 1998) . The present refinement of IBI for the initial proposition of Araújo (1998) and further development by Araújo et al. (2003) was achieved for the whole mediumlower reaches of the river. Other aspects of the relationship between IBI and aspects of landscape would be important to validate IBI. Pinto et al. (2006) evaluated the relationship between fish assemblage structure by using IBI with landscape use and riparian condition. They found that landscape use and riparian condition were correlated and IBI was positively correlated with pasture, tributary area, and riparian condition, but negatively correlated with urban area. Further adaptation of this index would be required for the remaining extent of this large river (upper and lower reaches) since those areas are located in different ecoregions, a concept that need to be discussed in more details for the Brazilian systems.
RESUMO
O Índice de Integridade Biótica (IBI) foi aplicado em sete locais do rio Paraíba do Sul, cobrindo uma extensão de 338 km, e incorporando um trecho de grande densidade industrial. O objetivo foi avaliar a resposta do índice às mudanças na qualidade ambiental durante dois períodos (inverno/seco versus verão/úmido). O IBI foi determinado através de oito métricas compreendidas em três categorias da comunidade de peixes: 1) riqueza de espécies e composição de habitats; 2) espécies indicadoras; e 3) estrutura trófica. Utilizou-se a condição menos impactada da região como abordagem para a comparação dos locais, com os mais altos valores ocorrendo nos locais mais a montante (Queluz=km 0) -Aceitável, diminuindo mais abaixo e atingindo os piores valores em Volta Redonda (km 125) -Impactado; uma subseqüente melhoria ocorreu nos locais mais a jusante, atingindo melhores valores em Além Paraíba (km 338) -Moderadamente Impactado/Aceitável. Durante o período inverno/seco foi detectado uma clara tendência espacial quando comparado com as oscilações registradas no verão/úmido. O IBI provou ser uma ferramenta adequada para avaliar a qualidade ambiental nos grandes rios tropicais que se encontram em elevado estágio de alteração, já que se mostrou sensível às variações na poluição difusa que ocorre ao longo de toda área estudada.
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